Background: The aim of the present study was to identify the main dietary patterns among young adults and to investigate the association of socioeconomic and demographic factors, and social mobility with dietary patterns. Methods: Data from the fourth follow-up of the 1978/79 Ribeirão Preto birth cohort study, Brazil, were used. A total of 2,061 young adults, whose mothers gave sociodemographic information at birth in 1978-79, provided sociodemographic and dietary data through a validated food frequency questionnaire in 2002-2004, when they were aged 23-25 years. Those whose caloric intake was outside of the ±3 standard deviation range were excluded, leaving 2,034 individuals. The dietary patterns were identified by principal component analysis followed by varimax orthogonal rotation. Poisson regression with robust estimation of variance was used to derive prevalence ratios (PR). Results: Four dietary patterns were identified: healthy, traditional Brazilian, energy-dense and bar. In the adjusted analysis, individuals with higher schooling (≥12 years) in adult life (PR = 1.51, 95% CI: 1.07-2.14) showed greater adherence whilst men (PR = 0.79, 95% CI: 0.68-0.93) had lower adherence to the healthy pattern. The highest adherence to the traditional Brazilian pattern was found for men (PR = 2.39, 95% CI: 2.04-2.80), mullatos (PR = 1.41, 95% CI: 1.21-1.64), households with ≥2 members, and for those with children (PR = 1.28, 95% CI: 1.07-1.55) while individuals with higher schooling in adulthood (≥12 years) (PR = 0.47, 95% CI: 0.34-0.65), higher family income in adulthood (≥20 MW) (PR = 0.57, 95% CI: 0.33-0.99) and higher family income at birth (≥6.1 MW) showed lower adherence. The bar pattern was positively associated with male sex (PR = 2.96, 95% CI: 2.47-3.55) and low schooling (≤8 years). The energy-dense pattern was not associated with any of the variables investigated. Social mobility was associated with the traditional Brazilian pattern. Men and women who were not poor at birth and remained so in adulthood showed lower adherence to this pattern (PR = 0.70, 95% CI: 0.53-0.94 for men and PR = 0.40, 95% CI: 0.20-0.80 for women).
Background
Extensive epidemiological studies have been conducted in order to identify factors that might attenuate the burden of non-communicable diseases. Diet is one of the main modifiable risk factors [1, 2] .
However, the approach traditionally used by most studies within the field of nutritional epidemiology is based on the investigation of the specific effect of individual nutrients or foods on health. The variety of foods in a diet results in a complex combination of chemical compounds that may be antagonistic and that may compete with each other or may alter the bioavailability of other chemical compounds or nutrients. Thus, examining the individual effect of foods and nutrients on the risk of disease has serious limitations [3] [4] [5] [6] .
The analysis of food consumption based on dietary patterns helps disease prevention and treatment, and thus represents a fundamental tool for programs of nutritional intervention [7, 8] . Some statistical techniques are employed for the identification of dietary patterns, in an attempt to examine the effect of overall diet on disease risk. The number of dietary variables is reduced and a combination of nutrients and foods that are easy to analyze is then used [4, 9, 10] .
Although dietary patterns are not stable among different populations, many studies have identified similar patterns. The "western" pattern, that usually consists of red meat, whole dairy products, processed foods and refined grains, and the "prudent or healthy" pattern of fruits, vegetables, whole grains and fish, are among those commonly identified [9] .
Demographic, socioeconomic, biological and nutritional factors have been associated with dietary patterns [5, 11] . For example, some studies have shown that women follow healthier dietary patterns than men [9, 12] . Similarly, the association of healthy dietary patterns with high income and educational level has been well established [11] . However, it is still unclear to what extent this association is related to current or early socioeconomic characteristics, especially during childhood, when dietary preferences are partially established [13] .
Most of the studies investigating the dietary patterns of populations have been conducted in developed countries. It was only in the last decade that studies started to be conducted in developing countries such as Brazil [3, 5, 6, 11, [14] [15] [16] [17] [18] . Although most of the Brazilian studies have investigated adult populations, specific studies on young adults are scarce [16, 18] . It is not known whether the same dietary patterns would be found in different regions of middle-income countries and if the associations of socioeconomic, demographic conditions and social mobility with these dietary patterns would be similar.
The objective of the present study was to identify the dietary patterns of young Brazilian adults and to investigate the association of socioeconomic and demographic factors, and social mobility with these patterns in a birth cohort from Ribeirão Preto, São Paulo, Brazil. This knowledge can guide planning and implementation of strategies to promote healthy eating practices aimed at preventing noncommunicable diseases in later life.
Methods
The study was based on the Ribeirão Preto, birth cohort study, started in 1978/79, involving children born in hospitals to mothers residing in the municipality. The current study used data collected in the first and fourth phase of the investigation, the latter covering the years from 2002 to 2004 [19] . Ribeirão Preto is the eighth most populous municipality in the State of São Paulo, in the Southeast region of Brazil. The population was 318,496 inhabitants in 1979, with 96.8% of them residing in the urban region. In 2003, the population was 534,828 inhabitants.
Study population
In the study period, there were 9,396 live births in the maternity hospitals, corresponding to 98% of all liveborns in Ribeirão Preto, the rest being home births. Of those that were born in the maternity hospitals, we were not able to contact 235 (2.5) due to early discharge. Of the invited, 94 (1.0%) refused to participate in the study, leaving 9,067 individuals for inclusion. Then we excluded children whose families did not reside in the municipality (2,094) and twins (146), being the baseline sample at birth composed of 6,827 singletons.
In 2002/04 in the 4 th follow-up, when the study members were aged 23-25 years, 343 subjects have died before completing 20 years of age leaving 6,484 individuals. Attempts were then made to invite for medical examination a non-random sample based on one-in-three of this group. The first of every three names was selected from a list sorted by birth date in each geographic region and if unavailable, the next name down was selected. Based on the records of the Unified Health System and of private health care plans and on the contacts made in the 2nd and 3rd phase of the study, we were not able to locate 819, leaving 5,665 subjects. The losses due to refusal to participate in the study (209 cases), to death after 20 years of age (34 cases), imprisonment (31 cases) or failure to attend the interview (431 cases) corresponded to a total of 705 individuals. Losses were replaced using the same sampling frame, resulting in 2,063 young adults aged 23 to 25 years, corresponding to 31.8% of the 6,484 eligible subjects, participating in the 4th phase of the study of the Ribeirão Preto cohort [19] . Two subjects were excluded because they did not fill out the food frequency questionnaire and 27 because they reported energy intake outside the range ±3SD, leaving 2,034 cases for analysis.
The study was approved by the Research Ethics Committee of the Faculty of Medicine of Ribeirão Preto, University of São Paulo, and all subjects gave written informed consent to participate.
Explanatory variables
At the time of birth, the mothers responded to a standardized, pre-coded and pre-tested questionnaire applied by trained interviewers [20] . The data considered for analysis in the present study were family income and maternal schooling. In young adulthood, the participants answered a questionnaire containing socioeconomic and demographic data. The variables considered were: sex, skin color, marital status, presence of children in the household, number of people in the household, family income in adult life, and schooling. Schooling was recorded as completed years of study. Monthly family income consisted of the sum of the income of family members residing in the household, converted to multiples of the Brazilian minimum wages (MW) for each period (corresponding to US$ 84.0 in 1978 and US$ 89.8 in 2003). Per capita family income was also calculated as the total family income divided by the number of family members. The information about family income obtained at the two time points was used to create the variable social mobility, which expresses life-long changes in family income. The family income of the first and fourth phase of the study was categorized into tertiles, with the first tertile being labeled poor, and the second and third tertiles not poor. Thus, social mobility was classified into four categories according to income tertiles at birth and adulthood: poor -poor, poor -not poor (ascending mobility), not poor -poor (descending mobility), and not poor -not poor.
Dietary assessment
Dietary data were obtained by applying a Food Frequency Questionnaire (FFQ) validated for the Japanese-Brazilian community of São Paulo [21] , with foods of Japanese origin being excluded. The reproducibility of the FFQ was assessed by repeated administration at one-month interval. The relative validity was evaluated by comparison with dietary intake obtained from four three-day weighed dietary records (DR), covering the same 12-month period assessed by the FFQ. The authors [21] conclude that this FFQ is reproducible and can be used to classify persons according to their nutrient intake over a one-year period.
The adapted FFQ contained 75 food items, the respective options of consumption frequency in the last year and the size of the mean reference portion so that the individual could estimate whether his regular consumed portion was small (smaller than the presented one), medium (equal to the presented one) or large (larger than the presented one). The questionnaire was applied, by a nutritionist, only to young adults at the 4th follow-up in [2002] [2003] [2004] , and a photograph album was used to help the subject estimate the portions consumed. Details of study methods have been described by Molina et al. [22] .
The dietary variable used in the analysis was the daily consumption of each food in grams or milliliters. For the identification of the dietary patterns the 75 items of the FFQ were aggregated into 48 groups considering the similarity of the nutritional composition and the dietary habits of the municipality under study ( Table 1 ). The food items cited by at least 80% of the subjects (for example, rice, beans, banana, chicken, beef, eggs and nondiet sodas) were kept separate.
Statistical analysis
The method of principal component analysis (PCA) was used to identify the dietary patterns, followed by the varimax method of orthogonal rotation to simplify interpretation of extracted factors. Estimation was based on the correlation matrix. The appropriateness of the dataset for applying the PCA was confirmed by the Kaiser-MeyerOlkin (KMO) measure of sampling adequacy and the Bartlett test of sphericity [23] . The number of retained factors was defined based on the following criteria: components with eigenvalues higher than 1.0 (indicating that the factor explains more of the total variance than each of the original variables separately), the Cattell scree plot and the conceptual meaning of the patterns identified [9] . Each principal component was interpreted based on foods with factor loadings (correlation coefficients between the dietary variables and the factors) ≥ 0.3 or ≤ −0.3, which are considered to make an important contribution to the pattern [8, 12] . Negative loadings within a component indicate an inverse association of the food item and positive loadings indicate a direct association [15] .
To determine the stability of the factors the set of observations was divided at random into two sub-sets and the same criterion was applied to each one of them. The factorial structures detected for the subgroups were compared to those of the entire sample. The principal components were labeled on the basis of the nutritional composition of foods of each factor. Each individual received a score for each retained factor, calculated by summing the standardized values of the items (food groups) weighted by their absolute scoring coefficients (factor loadings). The dietary patterns were categorized into quartiles. The upper quartile of the distribution represented the greatest adherence to the pattern.
Poisson regression with robust estimation of variance was used in bivariate and multivariable analysis to estimate the prevalence ratios (PR) of the independent variables (socioeconomic and demographic factors) in relation to the outcomes, with the dependent variables (dietary patterns) being classified as dichotomous: 1st, 2 nd and 3 rd quartiles of consumption and high consumption (4 th quartile). We used Poisson regression to estimate the PR instead of the odds ratio because when the outcome is not a rare event (>10%) by using odds ratio we tend to overestimate associations [24] . Variables whose p-values were <0.20 were included in the multivariable models. Interaction terms between sex and social mobility were tested and when significant models were presented stratified by sex. Since schooling is highly correlated with income, models with and without adjustment for schooling were fitted. Adjustment for schooling at two points in life may inadequately remove the possible effect of social mobility (measured by means of changes in income) on the dietary patterns. Estimates of 95% confidence intervals (CI) of the PR were also calculated. The level of significance was set at 0.05. The statistical analyses were performed using the Stata software, version 10.0. To test for consistency, analyses were also performed using per capita family income.
Results
The study sample consisted of 52.2% women, 67.9% singles, and 66.3% whites. Only 15.4% had up to eight years of schooling, while among their mothers this percentage was 73.0% at the time of their birth. The young adults also reported a higher current family income than the family income at the time of their birth, with the value being lower than three MW only in 10.6% of cases. Despite this, however, only 18.9% of the participants presented ascending social mobility ( Table 2 ). The KMO coefficient (0.7448) and the Bartlett test of sphericity (p <0.001) indicated satisfactory confidence for the execution of factor analysis. Sixteen factors with eigenvalues ≥1.0 were retained and the inflexion of the scree plot indicated three factors. Analysis of the conceptual meaning of these factors identified four principal dietary patterns, which explained 20.92% of the total variance. Only these four retained patterns presented eigenvalues ≥1.5 ( Table 3 ). The factorial structures detected for the subgroups were similar to those of the entire sample, confirming the stability of the factors. The dietary patterns were defined as follows: healthy (vegetables, fruits, peas and other legumes, fish, non-fried potatoes, manioc and polenta, chicken and breakfast cereals); traditional Brazilian (beans, rice, margarine and beef and a negative factor loading for low-fat dairy foods, whole grain bread and diet sodas); bar (alcoholic beverages, salty snacks, pork meat, sausages, eggs, bacon, seafood and mayonnaise) and energy-dense (desserts, white bread, cookies, chocolates, popcorn/chips, fried potatoes, manioc and polenta and whole milk dairy products). The healthy and traditional Brazilian patterns explained the greatest proportion of total variance (6.56% and 5.15%, respectively) ( Table 3) .
After adjustment in multivariable analysis, women and individuals with higher schooling in adulthood (≥12 years) showed greater adherence to the healthy pattern. Men, mullatos, those who have children and living in households with ≥2 members showed the highest adherence to the traditional Brazilian pattern, whereas individuals with higher schooling in adulthood (≥12 years), higher family income in adulthood (≥20 MW) and higher family income at birth (≥6.1 MW) showed lower adherence. Men and individuals with lower schooling (≤8 years) showed greater adherence to the bar pattern. The energy-dense pattern was not associated with any of the variables investigated (Table 4) .
Social mobility was not associated with the healthy, traditional Brazilian and bar patterns ( Table 5 ). The results for social mobility in the models without adjustment for schooling were similar to those found for the analysis with adjustment for schooling. A significant interaction between sex and social mobility (p = 0.009) was detected only for the traditional Brazilian dietary pattern. Among women and men, those who were not poor at birth and remained so in adulthood, the category 'not poor -not poor', showed lower adherence to this pattern, with or without adjustment for schooling (Table 6 ).
In analysis using per capita family income results did not change appreciably.
Discussion
Four principal dietary patterns were identified among the 2,034 young adults of the Ribeirão Preto birth cohort, denoted healthy, traditional Brazilian, bar and energy-dense. The variance explained by these factors (20.92%) was lower than that reported in other studies which also retained four components [17, 25] . The decision to include a large number of food items in the principal component analysis may have contributed to the lower percentage of explanation of total variance [9, 12] . In the adjusted analysis, women and individuals with higher schooling (≥12 years) in adult life showed greater adherence to the healthy pattern. The highest adherence to the traditional Brazilian pattern was detected for men, mullatos, households with ≥2 members, and for those who have children, while individuals with higher schooling in adulthood (≥12 years), higher family income in adulthood (≥20 MW) and higher family income at birth (≥6.1 MW) showed lower adherence. The bar pattern was positively associated with male sex and low schooling (≤8 years). The energydense pattern was not associated with any of the variables investigated. Social mobility was associated with the traditional Brazilian pattern. Men and women who were not poor at birth and remained so in adulthood showed lower adherence to this pattern.
The dietary pattern denoted healthy explained the greatest percentage of variance. Its composition is similar to that of other patterns reported in the literature with the same denomination [5, 10, [26] [27] [28] or even with others such as 'prudent' [15, 25, 29] , 'nutrient dense' [30] and 'health aware' [31] . This pattern is characterized by the presence of foods rich in vitamins, minerals, fibers, and unsaturated fats and with low contents of sugars, Adjusted for sex, skin color, maternal schooling at birth, schooling in adulthood, marital status, family income at birth, family income in adulthood, and presence of children in the household. b Adjusted for sex, skin color, maternal schooling at birth, schooling in adulthood, marital status, family income at birth, family income in adulthood, number of people in the household and presence of children in the household. trans and saturated fats [25] . The traditional Brazilian pattern involved traditional foods of the Brazilian diet, as it was also observed in other studies [3, 6, 14, 15] . In a similar study conducted on young adults (23 years) from Pelotas, Rio Grande do Sul, Brazil, Olinto et al. [16] defined a similar pattern as 'common Brazilian', and Gimeno et al. [17] , in a study of adults aged 30 years or older from Ribeirão Preto, called it 'popular'. The 'traditional' denomination is habitually used in studies from other countries, but the foods that compose this diet vary according to the culture of each country [9] . The dietary pattern denoted bar consisted of alcoholic beverages and foods commonly served in bars. No pattern with this denomination was found in the literature. However, some studies have identified factors containing alcoholic beverages in their composition [9, 16, 26, 31, 32] . The fourth pattern identified was called energy-dense because it is rich in sugars and saturated and trans fats. Patterns with similar compositions have been designated in various ways in other studies: 'obesogenic' [17] , 'energy dense' [30] , 'snack' [15] and 'dairy foods and desserts' [6] .
It should be pointed out that many studies have identified a pattern defined, in most cases, as western [25, 26, 33] , which represents a combination of the energydense and bar patterns considered in the present study. Rezazadeh, Rashidkhani and Omidvar [26] defined this combination as 'not healthy'. Positive associations between patterns with compositions similar to those of the energy-dense and bar patterns and unfavorable health outcomes such as obesity have been described in some studies [9, 14, 30] .
The differences in composition between patterns with the same denomination found in the literature, and the different denominations of factors of similar composition may be explained by the subjectivity inherent to the methods of principal component analysis [25] . In a review of this topic, Newby and Tucker [9] pointed out the following major decisions that should be made by an Adjusted for skin color, number of people in the household, presence of children in the household and marital status.
investigator which could influence the results: 1) which method to use for the investigation of food intake; 2) whether or not to group the food items; 3) how to treat the variables (grams/milliliters, % total caloric value, etc.); 4) number of retained factors; 5) starting from what value the factor loading will be considered to be important for the component; 6) how the retained patterns will be denominated. Newby and Tucker [9] also emphasize the importance of considering the nutritional composition of the foods that constitute each retained factor when attributing names to the dietary patterns identified. In the present study, the authors followed this recommendation. Female sex and schooling in adulthood ≥12 years were found to be associated with the healthy dietary pattern. In contrast, men showed more adherence to the traditional Brazilian and bar patterns, as also observed in other studies that identified patterns of compositions similar to those studied here [16, 26] . Differences in diet quality between sexes have been reported and it has been well established in the literature that women adhere more to healthy dietary patterns than men [9, 11, 17, 25, 26] . According to Newby and Tucker [9] , this can be explained in part by the preoccupation of women with a good physical shape. A positive association between high schooling and income, and healthy food patterns has also been confirmed in other studies [11, 17, 26, 27] .
Mullatos showed greater adherence to the traditional Brazilian pattern, as it was also reported in other studies [3, 16] . The fact that beans, the most important food in this pattern, were the principal diet component for those with low socioeconomic status during the colonial period of Brazil might explain this result. Also in agreement with other Brazilian studies [16, 17] , better socioeconomic levels at present (schooling and family income) and at birth (family income) showed an inverse association with this dietary pattern. The determinants of food choices are complex [34] , and although price is not the only factor guiding these choices, a low income can limit them [11, 34] . Except for beef, the foods composing the pattern called traditional Brazilian in the present study are of low cost. It should also be pointed out that only four food items presented an important positive factor loading in this pattern, suggesting monotony in the diet of less privileged socioeconomic classes, as also observed in a similar study [16] .
Low schooling in adulthood was associated with the bar pattern, in contrast to other studies that identified patterns containing alcoholic beverages in their composition, where those of high schooling tended to show greater adherence to this pattern [16, 30, 35] . Low schooling may contribute to unhealthy food choices, since education allows people to obtain information about health, especially healthy dietary patterns, with consequent improvement of dietary habits [26] .
Although none of the socioeconomic or demographic variables investigated showed association with the energydense pattern in the present study, female sex and higher schooling in adulthood and income in other population groups were associated with patterns of similar composition [16, 17, 30] .
Social mobility was not associated with the healthy, bar and energy dense patterns. An interaction between sex and social mobility was detected only for the traditional Brazilian pattern. The category 'not-poor -not poor' showed lower adherence to the traditional Brazilian for both men and women. Similarly, young adults in the Brazilian city of Pelotas, of both sexes who were in the highest income tertile at birth and in adulthood (referred to as 'never poor'), showed lower adherence to the 'common Brazilian' pattern compared to those who belonged to the lowest tertile of income at birth and remained there in adulthood, termed 'always poor'. In the Pelotas study, the category 'poor -not poor' also showed greater adherence to the 'processed food' pattern compared to those who were 'always poor' [16] . Mishra et al. [31] , studying British adults, found that those who held non-manual occupational activities and whose parents were also engaged in non-manual occupations at the time of their birth had healthier eating patterns than those who remained in the category manual as well as their parents.
In our study, the higher the number of people in the household the greater the adherence to the traditional Brazilian pattern. Also the adherence to this pattern was greater if the individual has had children. Demographic factors that take into account the number of household members have also been associated with some dietary patterns in other studies. For example, in Tehran, housing size > 20 m 2 /head was positively associated with a healthy dietary pattern [26] .
The results of the present study should be compared with caution to those of other investigations since methodological differences exist between studies and food choices depend on socioeconomic and cultural factors of each population. Thus, the results of the present investigation cannot be generalized and only represent the dietary patterns of the cohort studied, but not of the entire population of young adults from Ribeirão Preto, São Paulo, Brazil. This is due to the fact that the cohort comprises a small age group born in a couple of years (1978/79). Furthermore, the population composition changed from birth to adulthood due to migration.
Our study has some limitations. It should be pointed out that there were selective losses when the group of individuals followed up in the fourth phase of the study was compared to subjects who were not followed up. The follow-up rates were slightly higher for women and for individuals whose mothers had higher schooling at the time of their birth. Although statistically significant, these differences were small [19] . Additional limitations are those inherent to the methods of dietary surveys and the subjectivity of the PCA method for the definition of dietary patterns [9] . Furthermore, PCA do not assume exactly an ordinal response option. In addition, the variability explained by the four retained components was relatively low (20.92%).
The FFQ used in this study was not validated in the present population, which is a limitation. However, it has been validated in second and third generation Japanese-Brazilian adults from São Paulo who have similar dietary habits to those of our population [22, 36] .
However, dietary surveys are widely used in epidemiological studies and, in the present investigation, the FFQ was applied by nutritionists with the assistance of a photo album in order to facilitate the estimation of portion sizes. In addition, all subjective choices typical of the PCA method were based on scientific knowledge and on an extensive review of the literature.
Thus, the present study allowed the identification of four major dietary patterns in this population of young adults and the identification of socioeconomic and demographic differences associated with food choices. In addition, it was possible to understand how socioeconomic factors existing at birth were associated with dietary patterns in young adulthood.
Conclusions
Four principal dietary patterns were identified: healthy, traditional Brazilian, bar and energy-dense. Women and individuals with higher schooling showed greater adherence to the healthy pattern. The highest adherence to the traditional Brazilian pattern occurred for men, mullatos, households with ≥2 members and for those who have children, while individuals with higher schooling in adulthood, higher family income in adulthood, higher family income at birth and who were not poor at birth and remained so in adulthood showed lower adherence to this pattern. The bar pattern was positively associated with male sex and low schooling. Finally, the energy-dense pattern was not associated with any of the variables investigated.
Abbreviations MW: Minimum wages; FFQ: Food frequency questionnaire; KMO: Kaiser-MeyerOlkin; PR: Prevalence ratios.
